Effects of re-edging on chemical and heat treated lenses by Perkins, Robert et al.
Pacific University 
CommonKnowledge 
College of Optometry Theses, Dissertations and Capstone Projects 
5-7-1974 
Effects of re-edging on chemical and heat treated lenses 
Robert Perkins 
Pacific University 
Steven Shute 
Pacific University 
John Staub 
Pacific University 
Michael Vold 
Pacific University 
Recommended Citation 
Perkins, Robert; Shute, Steven; Staub, John; and Vold, Michael, "Effects of re-edging on chemical and heat 
treated lenses" (1974). College of Optometry. 386. 
https://commons.pacificu.edu/opt/386 
This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at 
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of 
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu. 
Effects of re-edging on chemical and heat treated lenses 
Abstract 
This is a study to determine the effect of re-edging previously edged crown glass opthalmic lenses, which 
had been tempered either by a chemical process or the heat treating method. The number of lenses used 
in this study was ninty-six clear, single vision, spherical lenses, which varied in power from +1.00 diopters 
to -3.00 diopters in one-half diopter increments excluding plano powered lenses. The center thickness 
varied from 1.9 mm to 2.7 mm. The standard drop ball test was utilized in order to determine the effects 
of re-edging a "tempered" spectacle lens. 
Degree Type 
Thesis 
Degree Name 
Master of Science in Vision Science 
Committee Chair 
Michael Jessen 
Subject Categories 
Optometry 
This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/386 
Copyright and terms of use 
If you have downloaded this document directly from the web or from CommonKnowledge, see 
the “Rights” section on the previous page for the terms of use. 
If you have received this document through an interlibrary loan/document delivery service, the 
following terms of use apply: 
Copyright in this work is held by the author(s). You may download or print any portion of this 
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.). 
Except for personal or fair use, you or your borrowing library may not reproduce, remix, 
republish, post, transmit, or distribute this document, or any portion thereof, without the 
permission of the copyright owner. [Note: If this document is licensed under a Creative 
Commons license (see “Rights” on the previous page) which allows broader usage rights, your 
use is governed by the terms of that license.] 
Inquiries regarding further use of these materials should be addressed to: CommonKnowledge 
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209. 
Email inquiries may be directed to:.copyright@pacificu.edu 
EFFECTS OF RE-EDGING ON CHEMICAL 
AND HEAT TREATED LENSES 
Presented in Partial Fulfillment 
of the Requirements for the Doctor 
of Optometry Degree 
by 
Robert Perkins 
Steven Shute 
John Staub 
Micheal Vold 
May 7, 1974 
ACKN OWLEDGEif.lENTS 
We would like to thank Opti -Craft of Portland and Shuron 
Continental for their donation of the needed lenses for our 
study. 
We would also like to thank Dr. Michael Jessen for his 
help and guidance with our project and Pacific University for 
the use of their laboratory and equipment. 
I 
i 
L 
ABS TRA CT 
This is a study to determine the effect of re -edging pre­
viously edged crown glass opthalmic lenses. which had been 
tempered either by a chemical process or the heat treating 
method. The number of lenses used in this study was ninty-
six clear, single vision, spherical lenses, which varied in 
power from +1.00 diopters to -3.00 diopters in one -half' diopter 
increments excluding plano powered lenses. The center thick­
ness varied from 1.9 mm to 2.7 mm. The standard drop ball test 
._ was utilizied in order to determine the effects of re -edging 
a "tempered" spectacle lens. 
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INTRODUCTION AND PURP OSE 
The problem of eye protection fro� shattering of spectacle 
lenses has been studied by the Federal Food and Drug Admin­
istration. In January of 1972, the Food and Drug Administra-
tion instituted a new impact resistance standard requiring 
that all opthalmic spectacle lenses meet new saftey specif­
ications. This standard, titled Z-80.1, specifies a minimum 
thickness of 2.0 mm at the thinnest point, with the exception 
of strong plus powers which usually have an edge thickness of 
1.8 mm. The lenses are checked by dropping a 5/8" steel bal l 
weighing approximately 0.56 ounces from a height of 50" to the 
horizontal surface of the lens.1 
The importance of impact resistant,::lenses is directly re­
lated to the prevention of eye injuries and blindness. It 
should be pointed out that only about two percent of the causes 
of blindness are due to ocular injuries.2
' 
Furthermore, the 
wearing of spectacle lenses could have prevented many eye ac­
cidents. 
As of this time there has been numerous studies done on 
the many aspects of impact resistant lenses. There can current­
ly be heard ?rguments on whether heat-tempered and chemically 
tempered lenses can be modified without upsetting the temper­
ing process. 
1Dowaliby, M.; Practical Aspects of Ophthalmic Optics, 
Professional Press Inc., Chicago, Illinois, 1972. 
2Davis, J.i Variables Affecting the Impact Resistance 
of Glass Opthalmic Lenses, American Optical Corp., Jan., 1972. 
2 
With increased use qf wire frame spectacles in modern 
day eyewear, the necessity arises for an exact finished lens 
size with minimal variation. Due to this fact and to the fact 
that variations in eyewire size do occur within the manufactures 
own specifications, it makes it difficult for an Optometrist 
to order a pair of edged and tr.ea ted lenses and have them fit 
the eyewire exactly. Many times the received lenses are too 
large to properly fit in the frame. Therefore, the need arises 
for the Optometrist to return the lenses to the lab in order to 
have them re-edged to the desired specified size. After the 
lenses have been re -edged, it is also necessary to re -temper 
the lenses in order to meet the standard safety requirements. 
The delay brought about by the re -edging requirement results 
in an unnecessary inconvience for the patient. It would be 
desirable if the lenses could be re -edged to the required size 
in the Optometrists office without the need for re-tempering. 
It is the purpose of this study to establish the effect 
of re -edging previously edged and tempered opthalmic lenses. 
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TESTING METHOD 
Ninty-six 'Kurova' (R) lenses were obtained from Shuron 
Continental Optical Company. The lenses were divided into the 
following groups, each group consisting of 12 lenses: +1.00, 
+0.50, -0.50, -1.00, -1.50, -2.00, -2.50, -3.00. The center 
thickness varied from 1.9 mm to 2. 7 mm .  All lenses were cut 
and edged to a 53 mm blank using a Universal 'Ca.mbridge f pat-
tern. After the lenses were cut and edged, they were seperat­
ed into two equal groups. One group was heat tempered while 
the other group was chemical ly tempered. After the tempering 
process, all lenses were drop ball tested with a 5/8'' steel 
ball dropped from a height of 50". The forty-eight heat temper­
ed lenses were divided into two equal groups of twenty -four. 
One group was the control group (not re-edged) and an exper­
imental group (re-edged). The control group lenses were drop 
bal l  tested again, whi le the experimental group were re -edged 
to a 52 mm blank size and again subjected to the drop ball 
tester. We can then determine if the re-edging process re­
duces the compression strenght by comparing the results of the 
control group with those of the experimental group. 
The group of chemical tempered lenses had the exact same 
process done to them, but as will be seen in the discussion 
· -
of the results, some problems were encountered in this area of 
the study. 
.- 4 
EQUIPMENT 
One method of strengthening glass is to place the.surfaces 
under compression. Any external force ·placed on the lenses 
must first overcome this surface compression before break -
age can occur. Although these types of procedures tend to 
minimize the effect of surface scratches, the impact perfor -
mances of lenses strengthened this way will depend directly 
on the effective compression remaining at the top of the deep­
est flaw. The two methods used to put a surface compression 
an glass are heat tempering, and chemically tempering.3 
These were the methods used in this project. 
3chase, G.; Krause, P.; and Kozlowski, T.; Chemical 
Strengthening of Ophthalmic Lenses, Amer. Jour_. of Opt. and 
Arch. of Amer. Acad. of Opt., Vol. 50, #6, June 1973. 
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HEA T TEMPERING 
The Precision Lens Hardening Unit, as seen below, was 
used to heat treat the lenses. 
The lenses were placed two at a time in the lens holders. 
They were then raised into the heating unit and heated to 
1175° F. for an indicated period of time which is determined 
by the center thickness. When the required time had elapsed, 
the lenses ere automatically removed from the heating chamber, 
and_ immediately a concentrated jet of air rapidly cooled the 
lenses. The lenses ere then checked with the colmascope for 
the characteristic "maltese cross". The stress is built by 
the faster cooling of the outside surfaces, as compared to the 
.• 
6 
interior. Caution must be taken so as to prevent warping of 
the lens, which usually happens when the lens is too thin. 
About 2.0 mm of thickness is the lower limit of thermally 
treating a lens.5 
DROP BALL TESTER 
The drop ball testing unit was set up according to the 
F.D.A. regulations and the Z-80.1 standards. The steel ball 
used was 5/8" in diameter and weighed .56 ounces. The drop 
height was 50" and the ball was allowed to free f'all and 
strike the center of the lens. A plastic shield enclosed the 
base of the drop ball tester and protected the tester and 
observers from shattered glass particles. 
5Ernsberger, F.; Strength and Strengthening of Glass, Glass 
Industry, Vol. 47, ·#8&9, 1966. 
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CHEMICAL TEMPERING 
The Kirk Tempering Instrument, as seen below, was used 
to chemically treat the lenses. 
The chemical temp-ering process involves submerging the 
lenses in a potassium nitrate salt bath for 1 6  hours at a temp­
erature of 350° to 5000 C. with the optimum temperature at 
450° C. This temperature is well below the melting point of 
glass. Sodium ions from the lens go into the solution and 
potassium ions from the salt bath diffuse into the lens. 4 It 
is this exchange of ions that gives the lenses the strengthen­
ing effect. 
·-
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EDGER 
The American Optical, Bevel-Matic Edger was used with 
a Universal ' Cambridge' pattern. All l'enses ere cut and edged 
to a 53 mm lens blank size. The ' Cambridge' pattern was sel­
ected on the basis of its p9pularity in modern day eyewear. 
This pattern was used because it was felt that it was an 
average representation of the more common lens shapes in use 
today. It was also chosen as the pattern of choice because, 
rather than a round shape, it is a rectangular shape and does 
not have the symmetry which the round lens has. The rect­
angular shape is lacking the strength factor inherent in a 
sym.�etrically shaped lens and it was felt that if the ' Cam­
bridge' shape could withstand the tests, a generalization 
could be realized for other lens shapes. 
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DISCUSSION OF RESULTS FOR HEAT TREATED LENSES 
The data obtained from this study indicates that re-edging 
previously edged heat tempered lenses significantly decreased 
the compression strength of opthalmic spectacle lenses. In, 
this portion of the study, forty-eight lenses were tempered 
using the heat treating method. These lenses were then subject­
ed to the standard drop ball test, with no lens breakage. As 
shown in Table I, the 24 lenses in the control group were 
again subjected to the standard drop ball test. Of these 24 
lenses, 8 lenses (33.3%) broke, with 16 lenses (66.6) passing 
the drop ball test. 
When comparing the 24 lenses in the control group with 
the 24 lenses in the re-edged group (experimental group), as 
shown in Table II, it was found that re-edging the heat treat� 
ed lenses resulted in a breakage of 20 lenses (83.3%). 
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DISCUSSION OF RESULTS OF CHEMICAL TEMPERED LENSES 
The data obtained in this portion of the study is invalid 
due to the fact that the chemically treated lenses failed the 
drop ball test. A random sample of various lens powers broke 
upon being subjected to the drop ball test as shovm in Table III. 
At this time, Opti7Crafts lab was contacted about the excessive 
breakage. The personnel in charge of the chemical tempering 
department advised us to check the temperature of the chemical · 
unit and to change the potassium nitrate solution. The solution 
was changed and the temperature was close to 450° e. The re-
maining lenses were then chemically treated for a second time 
for a period of 19 hours. These lenses were then subjected to 
the drop ball test with the results that 75.8% failed as shown 
in Table IV. 
Upon-reviewing the literature, it was found that in certain 
instances, a batch of lenses will not take to the chemically 
treated process, resulting in a high percentage of breakage. 
It could not be determined by the authors why the chemical pro­
cedure failed. 
The 12.5%, as shown in Table V, that passed the initial 
drop test were re-edged and re-dropped. All re-edged lenses 
' 
failed the second drop. Six of the control lenses passed the 
· -
second drop test and are shown in Table IV. 
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TABLE I 
Power Center Thickness Drop Ball Test 
in Diopters in mm Pass Fail 
1 • +1.00 2.6 x 
2. +1.00 2.6 x 
3. +1.00 2.7 x 
4. +0.50 2.4 x 
5. +0.50 2.4 x 
6. +0.50 2.4 x 
7. -0.50 2.3 x 
8. -0.50 2.4 x 
9. -0.50 2.4 x 
10. -1.00 2.3 x 
11. -1.00 2.3 x 
1 2. -1.00 2.3 x 
13. -1.50 2.3 x 
14. -1.50 2.3 x 
15. - 1.50 2.3 x 
16. - 2.00 2.4 x 
17. - 2.00 2.3 x 
18. -2.00 2.2 x 
19. -2.50 2.3 x 
20. - 2.50 2.2 x 
21. - 2.50 2.3 x 
2 2. -3.00 2.3 x 
23. -3.00 2.0 x 
24. -3.00 2.1 x 
Table I: Second drop ball test for heat treated 
control lenses. 
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TABLE II 
Power Center Thickness Drop Ball Test 
in Diopters in mm Pass Fail 
1. +1.00 2.7 x 
2. +1.00 2.6 x 
3. +1.00 2.5 x 
4. +0.50 2.4 x 
5. +0.50 2.4 x 
6. +0.50 2.4 x 
7. -0.50 2.3 x 
8. -0.50 2. 2 x 
9. -0.50 2.3 x 
10. -1.00 2.3 x 
11. -1.00 2.3 x 
12. -1.00 2.3 x 
13. -1.50 2.2 x 
14. -1.50 2.2 x 
15. -1.50 2. 2 x 
16. - 2.00 2.2 x 
17. - 2.00 2.3 x 
18. - 2.00 2.2 x 
19. -2.50 2.3 x 
20. -2.50 2.3 x 
21. - 2.50 2. 2 x 
2 2. -3.00 2.0 x 
23. -3.00 1.9 x 
24. -3.00 2.3 x 
Table II: Re-edged, heat treated lenses; Second 
drop ball test 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
1J 
TABLE III 
Power Center Thickness - Drop Ball 
in Diopters in mm Pass 
+1.00 2.3 
+1.00 2.5 
-0.50 2.2 
-1 ._oo 2.2 
-1.00 2.2 
-1.00 2.1 x* 
-1.00 2.1 x* 
- 2.50 2.2 
-2.50 2.2 
-2.50 2.2 
-3.00 2.0 
-J.00 2.0 
Table III: First drop ball test of random sample 
after 16 hours in chemical unit. 
* Broke on second drop ball test 
Test 
Fail 
x . 
x 
x 
x 
x 
x 
x 
x 
x 
x 
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TABLE IV 
Power Center Thickness Drop Ball Test 
in Diopters in mm Pass Fail 
1. +1.00 2.6 x 
2. +1.00 2.6 x ' 
3. +1.00 2.6 x 
4. +1.00 2.6 x 
5. +O .jO 2.4 x 
6. +0.50 2.4 x 
7. +0.50 2.4 x 
8. +0.50 2.4 x 
9. +0.50 2.4 x 
10. +0.50 2.3 x 
11. -0.50 2.2 x 
12. -0.50 2. 2 x 
13. -0.50 2. 2 x 
14. -0.50 2.2 x 
15. -0.50 2.2 x 
16. -1.50 2.2 x* 
1 7. -1.50 2. 2 x 
18. -1.50 2.3 x* 
19. -1.50 2. 2 x 
20. -1.50 2.2 x 
21. -1.50 2. 2 x** 
2 2. - 2.00 2.3 x** 
23. - 2.00 2. 2 x*�� 
24. -2.00 2. 2 x** 
25. - 2.50 2.3 x** 
26. -2.50 2. 2 x** 
2 7. -3.00 2.0 x* 
28. -3.00 1.9 x 
29. -3.00 1.9 x** 
TableIV: Chemically treated first for 16 hrs., then 
for 19 hrs. before first drop ball test 
* Failed second drop ball test 
** Passed second drop ball test 
in 
1.  
2. 
3. 
4. 
5. 
6. 
7. 
L 
Power 
Diopters 
-1.00 
-1.00 
-2.00 
-2.00 
-2;00 
-2.50 
-J.00 
Table V: 
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TABLE V 
Center Thickness 
in mm 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
2.0 
Drop Ball Test 
Pass Fail 
x* 
x*
' 
x 
x 
x 
x 
x 
Second drop ball test for re-edged lenses 
that were first chemically treated for 1 6  
hrs. , then a second time for 19 hrs. These 
lenses were re-edged after the second treatment 
* Passed first drop ball test, were re-edged and broke 
after the re-edging 
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CONCLUSIONS 
From the results of this study, it can be concluded that 
re-edging heat treated lenses significantly reduces the tensile 
strength to a point which necessitates re-tempering in order to 
meet the saftey standards as established by the F.D.A. 
Furthermore, it is concluded from this study that lenses 
which have not been re-edged and which have been subjected to 
the drop ball test for a second time appear to show a signi­
ficant degree of breakage and demonstrates a need for further 
study and evaluation. To further exemplify this fact, our 
study indicated that 8 out of 24 control lenses (33.3%) fail­
ed the second drop ball test as shown by Table I. 
No valid conclusions can be drawn from the chemically 
treated portion of this study due to the fact that the chemical 
tempering was unsuccessful •' 
17 
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